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(54) SURVEYING SYSTEM

(57) A surveying system comprises a total station
unit, a laser scanner unit and an arithmetic control unit.
The total station unit comprises a frame unit, a telescope
unit, a total station distance measuring unit accommo-
dated in the telescope unit and a total station arithmetic
control unit, wherein the laser scanner unit is provided
on the frame unit and acquires point cloud data by rotat-
ably irradiating a laser beam in a vertical direction, and
wherein the arithmetic control unit acquires the point
cloud data by a cooperation of a horizontal rotation of the
frame unit and a rotary irradiation of the laser beam, com-
pares a distance measurement result of the total station
unitwith a distance measurementresult of the laser scan-
ner unit and corrects the point cloud data based on a
comparison result.
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Description
BACKGROUND OF THE INVENTION

[0001] The present invention relates to a surveying
system having functions of a total station and a laser
scanner.

[0002] As a surveying instrument for determining
three-dimensional coordinates of a measuring point with
high accuracy, a total station is used, and there is a laser
scanner for rotatably irradiating a pulsed light as a dis-
tance measuring light, performing a distance measure-
ment for each pulsed light, and acquiring point cloud data.
[0003] The total station has extremely high measure-
ment accuracy including an industrial measurement. In
a case where the total station is used in a field of a sur-
veying, for instance, a measurement accuracy of 1 mm
or less is provided for a distance accuracy, and a suffi-
cient accuracy required by a first-grade theodolite or the
like is ensured for an angular accuracy.

[0004] Onthe otherhand, although a three-dimension-
al scanner having spread in recent years is capable of
measuring a point cloud in several hundreds of thousand
points per second, and a highly efficient surveying at an
extremely high speed is realized, a measurement accu-
racy is poorer than the total station.

SUMMARY OF THE INVENTION

[0005] Itis an object of the presentinvention to provide
a surveying system configured to improve an accuracy
of point cloud data acquired by a function of a laser scan-
ner by using a measurement result obtained by a function
of a total station by comprising the function of the total
station and the function of the laser scanner.

[0006] To attain the object as described above, a sur-
veying system according to the present invention com-
prises a total station unit, a laser scanner unit and an
arithmetic control unit, wherein the total station unit com-
prises a frame unit capable of horizontally rotating, a tel-
escope unit provided capable of vertically rotating on the
frame unit, a horizontal angle detector for detecting a
horizontal angle of the frame unit, a vertical angle detec-
tor for detecting a vertical angle of the telescope unit, a
total station distance measuring unit accommodated in
the telescope unit and a total station arithmetic control
unit, wherein the laser scanner unit is provided on an
upper surface of the frame unit and is configured so as
to acquire point cloud data by rotatably irradiating a laser
beam in a vertical direction, and wherein the arithmetic
control unitis configured so thatit acquires the point cloud
data of an entire object to be measured by a cooperation
of a horizontal rotation of the frame unit and a rotary ir-
radiation of the laser beam by the laser scanner unit,
measures a specific point of the object to be measured
by the total station unit, compares a distance measure-
ment result of the total station unit of the specific point
with a distance measurement result of the laser scanner
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unit and corrects the point cloud data based on a com-
parison result.

[0007] Further, in the surveying system according to
the present invention, the total station unit and the laser
scanner unit are arranged so that a first mechanical ref-
erence point of the total station unit and a second me-
chanical reference point of the laser scanner unit are po-
sitioned on a same vertical line.

[0008] Further, in the surveying system according to
the present invention, the total station unit includes an
image pickup unit, the image pickup unit acquires an im-
age including the object to be measured, and wherein
the arithmetic control unit is configured to superimpose
the point cloud data on the image and associates the
object to be measured with the point cloud data.

[0009] Further, in the surveying system according to
the present invention, the total station unit includes a la-
ser point unit and is configured so as to emit a pointer
light to the image superimposed with the point cloud data
and indicate a survey setting point.

[0010] Further, in the surveying system according to
the presentinvention, a horizontal driving unit is provided
on the frame unit, the laser scanner unit is provided on
the total station unit via the horizontal driving unit, the
laser scanner unit is capable of horizontally rotating by
the horizontal driving unit, wherein the horizontal driving
unit includes a laser scanner horizontal angle detector
for detecting a relative rotation between the frame unit
and the laser scanner unit, and wherein the arithmetic
control unit is configured to control the horizontal driving
unit so as to rotate the laser scanner unit at a predeter-
mined rotation speed based on a detection result of the
laser scanner horizontal angle detector and the horizon-
tal angle detector.

[0011] Furthermore, the surveying system according
to the present invention further comprises a synchroni-
zation signal generating unit, wherein a synchronization
signal issued from the synchronization signal generating
unit is given to point data of the point cloud data as atime
stamp and is given to horizontal angle data of the hori-
zontal angle detector as a time stamp when the point
data is acquired, and an association between the point
data and the horizontal angle data is performed through
the time stamps.

[0012] According to the present invention, the survey-
ing system comprises a total station unit, a laser scanner
unit and an arithmetic control unit, wherein the total sta-
tion unit comprises a frame unit capable of horizontally
rotating, a telescope unit provided capable of vertically
rotating on the frame unit, a horizontal angle detector for
detecting a horizontal angle of the frame unit, a vertical
angle detector for detecting a vertical angle of the tele-
scope unit, a total station distance measuring unit ac-
commodatedinthe telescope unitand a total station arith-
metic control unit, wherein the laser scanner unit is pro-
vided on an upper surface of the frame unit and is con-
figured so as to acquire point cloud data by rotatably ir-
radiating a laser beam in a vertical direction, and wherein
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the arithmetic control unit is configured so that it acquires
the point cloud data of an entire object to be measured
by a cooperation of a horizontal rotation of the frame unit
and a rotary irradiation of the laser beam by the laser
scanner unit, measures a specific point of the object to
be measured by the total station unit, compares a dis-
tance measurement result of the total station unit of the
specific point with a distance measurement result of the
laserscanner unitand corrects the point cloud data based
on a comparison result. As a result, an acquisition of the
point cloud data and a measurement by the total station
can be performed by one surveying instrument, a facility
cost can be reduced, and further since the point cloud
data is corrected based on the measurement by the total
station, a measurement accuracy of the point cloud data
is improved.

[0013] Further, according to the present invention, in
the surveying system, the total station unit includes a
laser point unit and is configured so as to emit a pointer
light to the image superimposed with the point cloud data
and indicate a survey setting point. As a result, the ac-
quisition of the point cloud data and a survey setting work
can be performed by one surveying instrument.

[0014] Furthermore, according to the present inven-
tion, in the surveying system, a horizontal driving unit is
provided on the frame unit, the laser scanner unit is pro-
vided on the total station unit via the horizontal driving
unit, the laser scanner unit is capable of horizontally ro-
tating by the horizontal driving unit, wherein the horizontal
driving unit includes a laser scanner horizontal angle de-
tector for detecting a relative rotation between the frame
unitand the laser scanner unit, and wherein the arithmetic
control unit is configured to control the horizontal driving
unit so as to rotate the laser scanner unit at a predeter-
mined rotation speed based on a detection result of the
laser scanner horizontal angle detector and the horizon-
tal angle detector. As a result, the acquisition of the point
cloud data and a measuring work by the total station can
be performed by one surveying instrument and moreover
at the same time.

BRIEF DESCRIPTION OF THE DRAWINGS
[0015]

FIG.1 is a schematical front view of a surveying sys-
tem according to a first embodiment of the present
invention.

FIG.2 is a schematical block diagram of the survey-
ing system.

FIG.3is aschematical block diagram of a total station
unit.

FIG.4 is a schematical block diagram of an optical
system of the total station unit.

FIG.5is a schematical block diagram of alaser scan-
ner unit.

FIG.6 is a schematical block diagram of an optical
system of the laser scanner unit.
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FIG.7 is a drawing to show an image in a state where
point cloud data is superimposed on an entire image.
FIG.8 is a schematical front view of a surveying sys-
tem according to a second embodiment of the
present invention.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENT

[0016] A description will be given below on embodi-
ments of the presentinvention by referring to the attached
drawings.

[0017] FIG.1 and FIG.2 show schematical drawings of
a surveying system 1 according to a first embodiment of
the present invention.

[0018] The surveying system 1 comprises a total sta-
tion unit 2, a laser scanner unit 3 which is a two-dimen-
sional laser scanner and an arithmetic control unit4. The
arithmetic control unit 4 integrally controls an operation
of the total station unit 2 and an operation of the laser
scanner unit 3 and performs a data processing such as
a matching, a correction and the like of data acquired by
the total station unit 2 and the laser scanner unit 3. It is
to be noted that the arithmetic control unit 4 may be
served by either one of a TS arithmetic control unit 19
(to be described later) provided in the total station unit 2
and an LS arithmetic control unit 71 (to be described later)
provided in the laser scanner unit 3.

[0019] A tripod 5 is installed at a predetermined posi-
tion, a leveling unit 6 is provided on the tripod 5, and the
total station unit 2 is provided on the leveling unit 6. Fur-
ther, the laser scanner unit 3 is provided on an upper
surface of the total station unit 2.

[0020] The total station unit 2 has a first mechanical
reference point (not shown), and the total station unit 2
andthe laser scannerunit 3 are arranged so that a second
mechanical reference point of the laser scanner unit 3
exists on a vertical line 7 passing through the first me-
chanical reference point.

[0021] First, by referring to FIG.1, a description will be
given on an approximate arrangement of the total station
unit 2.

[0022] A lower end part of the total station unit 2 is
designed as a base unit 8, and the base unit 8 is attached
on the leveling unit 6. In the base unit 8, a horizontal
rotation driving component 9 is accommodated. The hor-
izontal rotation driving component 9 has a horizontal ro-
tation shaft 10 extending vertically, and the horizontal
rotation shaft 10 is rotatably provided on the base unit 8,
and an axis of the horizontal rotation shaft 10 coincides
with the vertical line 7.

[0023] On an upper end of the horizontal rotation shaft
10, a frame unit 11 which is a horizontal rotary unit is
attached. On an upper surface of the frame unit 11, the
laser scanner unit 3 is provided.

[0024] The frame unit 11 has a recess portion 12, and
a telescope unit 13 which is a vertical rotary unit is ac-
commodated in the recess portion 12. The telescope unit
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13is rotatably supported by the frame unit 11 via a vertical
rotation shaft 14 having a horizontal axis.

[0025] Inthetelescopeunit 13, atelescope (alens unit)
15 having a distance measuring optical axis (to be de-
scribed later; See FIG.4) is provided, and a TS distance
measuring unit 22 (to be described later) and the like are
accommodated in the telescope unit 13. The distance
measuring optical axis crosses the vertical line 7 and is
orthogonal to an axis of the vertical rotation shaft 14. An
intersection point between the distance measuring opti-
cal axis and the vertical line 7 may be set as the first
mechanical reference point.

[0026] In the frame unit 11, a vertical rotation driving
component 16 isaccommodated, and the vertical rotation
driving component 16 is connected to the vertical rotation
shaft 14. By the vertical rotation driving component 16,
the telescope unit 13 is rotated in a vertical direction via
the vertical rotation shaft 14. On the vertical rotation shaft
14, a vertical angle detector 17 is provided, by the vertical
angle detector 17, a vertical rotation angle of the vertical
rotation shaft 14 is detected in real time, and further a
vertical angle of the telescope unit 13 is detected.
[0027] The frame unit 11 is rotated by the horizontal
rotation driving component 9 over a total circumference
in a horizontal direction via the horizontal rotation shaft
10. Further, a horizontal angle detector 18 is provided on
the horizontal rotation shaft 10, by the horizontal angle
detector 18, a horizontal rotation angle of the frame unit
11isdetected, and further a horizontal angle (a horizontal
angle of the telescope unit 13) of the frame unit 11 is
detected in real time.

[0028] A rotation driving unit is constituted by the hor-
izontal rotation driving component 9 and the vertical ro-
tation driving component 16, and by the rotation driving
unit, the telescope unit 13 is rotated in two directions of
the vertical direction and the horizontal directionin a state
as required. Further, the vertical angle detector 17 and
the horizontal angle detector 18 make up a directional
angle detector and are designed so as to detect the ver-
tical angle and the horizontal angle (that is, a directional
angle of the telescope unit 13) in real time.

[0029] Inside the frame unit 11, a total station arithme-
tic control unit (hereinafter referred as a TS arithmetic
control unit) 19 is provided, and by the TS arithmetic con-
trol unit 19, the TS distance measuring unit 22 (to be
described later), the horizontal rotation driving compo-
nent 9, the vertical rotation driving component 16 and the
like are controlled.

[0030] By referring to FIG.3 and FIG.4, a further de-
scription will be given on the total station unit 2.

[0031] As shown in FIG.3, the total station unit (here-
inafter referred as a TS unit) 2 is mainly constituted by
an image pickup unit 21, a total station distance meas-
uring unit (hereinafter referred as a TS distance meas-
uring unit) 22, a total station angle measuring unit (here-
inafter referred as a TS angle measuring unit) 23, a track-
ing unit 24, a laser point unit 25, an operation unit 26, a
display unit 27, a total station storage component (here-
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inafter referred as a TS storage component) 29, the TS
arithmetic control unit 19, the horizontal rotation driving
component 9 and the vertical rotation driving component
16. The TS angle measuring unit 23 is constituted by the
horizontal angle detector 18 and the vertical angle de-
tector 17. It is to be noted that, as the horizontal angle
detector 18 and the vertical angle detector 17, an encoder
may be used.

[0032] FIG.4 shows one example of an optical system
of the TS unit 2.

[0033] In FIG.4, reference numeral 31 denotes a dis-
tance measuring optical axis of the TS unit 2 (hereinafter
referred as a TS distance measuring optical axis), and a
firstbeam splitter 32is provided onthe TS distance meas-
uring optical axis 31. On a reflection optical axis 31a of
the first beam splitter 32, a second beam splitter 33, a
third beam splitter 34 and further a laser pointer light
source 35 are provided in order.

[0034] On an optical axis 36 branched by the second
beam splitter 33, a distance measuring light source 37
is provided. Further, on an optical axis 38 branched by
the third beam splitter 34, a tracking light source 39 is
provided.

[0035] The laser pointer light source 35 emits a laser
beam of a visible light as a pointer light, the distance
measuring light source 37 emits a distance measuring
light of an invisible light, and the tracking light source 39
emits a laser beam with a wavelength different from the
pointer light and the distance measuring light as a track-
ing light.

[0036] The third beam splitter 34 has an optical char-
acteristic that the pointer light of the visible light is trans-
mitted through and the tracking light is reflected. Further,
the second beam splitter 33 has an optical characteristic
that the pointer light of the visible light and the tracking
light are transmitted through and the distance measuring
light of the invisible light is reflected. The first beam split-
ter 32 is designed as a half mirror with respect to the
distance measuring lightand has an optical characteristic
that a part of the distance measuring light is transmitted
through, a remaining part of the distance measuring light
is reflected, and the pointer light and the tracking light
are totally reflected.

[0037] On a transmission optical axis 31b of the first
beam splitter 32, animage forming lens 41 and adistance
measuring light receiving unit 42 are provided.

[0038] On the optical axis 36, an optical path splitting
component 43 such as a half mirror, a beam splitter and
the like is provided, and on the transmission optical axis
31b, an optical path coupler 44 is provided. Most part of
the distance measuring light emitted from the distance
measuring light source 37 passes through the optical
path splitting component 43. The remaining part of the
distance measuring light is received by the distance
measuring light receiving unit42 as an internal reference
light through an internal reference optical path 45 and
the optical path coupler 44.

[0039] On the TS distance measuring optical path 31,
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a perforated mirror 47 and an objective lens 48 are pro-
vided. On a reflection optical axis of the perforated mirror
47, a fourth beam splitter 51 and a reflection mirror 52
are provided. The perforated mirror 47 has an optical
characteristic that the visible light and the tracking light
are reflected, and the distance measuring light is trans-
mitted through. The fourth beam splitter 51 has an optical
characteristic that the tracking light is reflected and the
visible light is transmitted through, and the reflection mir-
ror 52 has an optical characteristic that the visible light
is totally reflected.

[0040] On a reflection optical axis of the fourth beam
splitter 51, an image forming lens 53 and a tracking light
receiving component 54 are provided, and a light receiv-
ing signal from the tracking light receiving component 54
is input to a tracking calculating unit 55. The tracking light
receiving component 54 is constituted by a quadrisection
light receiving element, for instance, and is capable of
detecting a light receiving position of the tracking light.
[0041] On an optical axis deflected by the reflection
mirror 52, an image forming lens 57 and an image pickup
element 58 are provided, and an image signal from the
image pickup element 58 is input to an image processing
component 59. The image pickup element 58 is an ag-
gregate of pixels, forinstance, a CCD ora CMOS sensor,
and a position of each pixel can be specified on the image
pickup element 58 by a signal output from each pixel.
[0042] The laser pointer light source 35, the distance
measuring light source 37, the tracking light source 39,
the third beam splitter 34, the second beam splitter 33,
the objective lens 48 and the like make up a light project-
ing unit.

[0043] The distance measuring light source 37, the
second beam splitter 33, the first beam splitter 32, the
objective lens 48, theimage forming lens 41, the distance
measuring light receiving unit42, the optical path splitting
component 43, the optical path coupler 44, the internal
reference optical path 45 and the like make up the TS
distance measuring unit 22.

[0044] The distance measuring light emitted from the
distance measuring light source 37 is reflected by the
second beam splitter 33, is deflected by the first beam
splitter 32, passes through a hole 47a of the perforated
mirror 47, is made to be a parallel luminous flux by the
objective lens 48, and is emitted on the TS distance
measuring optical axis 31. Further, a reflected distance
measuring light reflected from an object to be measured
is condensed by the objective lens 48, is transmitted
through the perforated mirror 47 and the firstbeam splitter
32, and is focused by the image forming lens 41 on the
distance measuring light receiving unit 42. The distance
measuring light receiving unit 42 outputs a light receiving
signal to the TS arithmetic control unit 19. Further, a part
ofthe distance measuring light is received by the distance
measuring light receiving unit 42 through the optical path
splitting component 43, the internal reference optical path
45 and the optical path coupler 44. The distance meas-
uring lightreceiving unit42 outputs a lightreceiving signal
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to the TS arithmetic control unit 19.

[0045] The laser pointer light source 35, the first beam
splitter 32, the objective lens 48 and the like make up the
laser point unit 25.

[0046] The pointer light emitted from the laser pointer
light source 35 transmits through the third beam splitter
34 and the second beam splitter 33, is deflected by the
first beam splitter 32 so as to coincide with the TS dis-
tance measuring optical axis 31, passes through the hole
47a, is made to be the parallel luminous flux by the ob-
jective lens 48 and is emitted from on the TS distance
measuring optical axis 31.

[0047] The tracking light source 39, the objective lens
48, the perforated mirror 47, the fourth beam splitter 51,
the image forming lens 53, the tracking light receiving
component 54, the tracking calculating unit 55 and the
like make up the tracking unit 24.

[0048] The tracking light emitted from the tracking light
source 39 is reflected by the third beam splitter 34, is
deflected by the first beam splitter 32 so as to coincide
with the TS distance measuring optical axis 31, passes
through the hole 47a, is made to be the parallel luminous
flux by the objective lens 48 and is emitted. A reflected
tracking light reflected from the object to be measured is
condensed by the objective lens 48, is reflected by the
perforated mirror 47 and the fourth beam splitter 51, and
is focused by the image forming lens 53 on the tracking
light receiving component 54. The tracking light receiving
component 54 sends a light receiving result to the track-
ing calculating unit 55. The tracking calculating unit 55
calculates a light receiving position on the tracking light
receiving component 54 and outputs a driving signal with
respect to the horizontal rotation driving component 9
and the vertical rotation driving component 16 to the TS
arithmetic control unit 19 so that the light receiving posi-
tion becomes a central position of the tracking light re-
ceiving component 54.

[0049] The objective lens 48, the perforated mirror 47,
the reflection mirror 52, the image forming lens 57, the
image pickup element 58, the image processing compo-
nent 59 and the like make up the image pickup unit 21.
[0050] The image pickup unit 21 acquires an image of
the object to be measured. A background light from the
object to be measured is reflected by the perforated mir-
ror 47 through the objective lens 48, is transmitted
through the fourth beam splitter 51, further is reflected
by the reflection mirror 52, and is focused by the image
forming lens 57 on the image pickup element 58. An im-
age signal from the image pickup element 58 is input to
the TS arithmetic control unit 19 via the image processing
component 59.

[0051] Inthe TS storage component 29, various types
of programs are stored. These programs include: an im-
age pickup program for controlling an image acquisition
by the image pickup unit 21, a light emission control pro-
gram for controlling a light emission of the laser pointer
light source 35, the distance measuring light source 37,
the tracking light source 39 and the like, a distance meas-



9 EP 3 258 212 A1 10

uring program for controlling a distance measurement by
the TS distance measuring unit 22, an angle measuring
program for calculating a directional angle based on ob-
tainments of a horizontal angle detection and a vertical
angle detection by the TS angle measuring unit 23 and
a result of the angle detection, a tracking program for
executing a tracking, an image processing program for
processing an image acquired by the image pickup unit
21, and other programs. Further, in the TS storage com-
ponent 29, a data storage region is formed, and in the
data storage region, data such as image data acquired
by the image pickup unit 21, distance measurement data
acquired by the TS distance measuring unit 22, angle
measurement data acquired by the TS angle measuring
unit 23 and the like are stored. The image data, the dis-
tance measurement data, and the angle measurement
data are associated with each other.

[0052] The TS arithmetic control unit 19 performs re-
quired calculations based on the data as stored and ex-
ecutes required controls based on the programs as
stored.

[0053] Next, by referring to FIG.1, a description will be
given on an approximate arrangement of the laser scan-
ner unit 3.

[0054] The laser scanner unit (hereinafter referred as
an LS unit) 3 has a housing 62 having a recess portion
61 formed at a center, and the housing 62 is fixed to an
upper surface of the frame unit 11.

[0055] In the housing 62, a scanning rotation shaft 63
with a horizontal axis is rotatably provided. One end por-
tion of the scanning rotation shaft 63 protrudes to the
recess portion 61, and a scanning mirror 64 is fixed to a
forward end of the one end portion. A scanning motor 65
is accommodated inside the housing 62, and the scan-
ning motor 65 is connected to the scanning rotation shaft
63. In a manner that the scanning motor 65 rotates the
scanning rotation shaft 63, the scanning mirror 64 is de-
signed so as to be rotated.

[0056] Further, onthe otherend portion of the scanning
rotation shaft 63, a laser scanner vertical angle detector
(hereinafter referred as an LS vertical angle detector) 66
is provided. The LS vertical angle detector 66 is designed
so as to detect a rotation angle (a vertical angle, that is,
arotation angle of the scanning mirror 64) of the scanning
rotation shaft 63 in real time. It is to be noted that, as the
LS vertical angle detector 66, an encoder may be used.
[0057] An LS distance measuring unit 67 is accommo-
dated in the housing 62 and provided at a part faced the
scanning mirror 64. From the LS distance measuring unit
67, a distance measuring light (a pulsed laser beam) 68
is emitted toward the scanning mirror 64.

[0058] An optical axis of the distance measuring light
68 coincides with an axis of the scanning rotation shaft
63 and is deflected at a right angle by the scanning mirror
64. By rotating the scanning mirror 64 around the scan-
ning rotation shaft 63, the distance measuring light 68
deflected by the scanning mirror 64 is arranged to be
rotatably irradiated.
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[0059] An intersection point between the axis of the
scanning rotation shaft 63 (that is, the optical axis of the
distance measuring light 68) and the scanning mirror 64
is set as a second mechanical reference point of the LS
unit 3. A vertical line passing through the second me-
chanical reference point is set so as to coincide with the
vertical line 7.

[0060] Therefore, as described above, the first me-
chanical reference point of the TS unit 2 and the second
mechanical reference point of the LS unit 3 exist on the
same vertical line 7. Further, a distance between the first
mechanical reference point and the second mechanical
reference point is known.

[0061] The distance measuring light 68 as rotatably
irradiated scans the object to be measured, and a reflect-
ed distance measuring light 68’ (not shown) as reflected
by the object to be measured enters the LS distance
measuring unit 67 via the scanning mirror 64. The LS
distance measuring unit 67 receives the reflected dis-
tance measuring light 68’, obtains a reciprocating time
ofthe pulsed light, and performs a distance measurement
for each pulsed light (Time of Flight).

[0062] Further, as described above, a vertical angle of
the scanning mirror 64 is detected by the LS vertical angle
detector 66 in real time, and the distance measurement
is performed for each pulsed light, and the vertical angle
is detected for each pulsed light.

[0063] The LS unit 3 rotatably irradiates the distance
measuring light 68 in the vertical direction and detects
the vertical angle. As aresult, the LS unit 3 acquires two-
dimensional point cloud data having two-dimensional co-
ordinates of the distance and the vertical angle.

[0064] By referring to FIG.5 and FiG.6, a further de-
scription will be given on the LS unit 3.

[0065] As shown in FIG.5, the LS unit 3 is mainly con-
stituted by the LS vertical angle detector 66, the LS dis-
tance measuring unit 67, an LS angle measuring unit 69,
a laser scanner arithmetic control unit (hereinafter re-
ferred as an LS arithmetic control unit) 71, the scanning
motor 65, a laser scanner storage component (hereinaf-
ter referred as an LS storage component) 72.

[0066] Inthe LS storage component 72, various types
of programs are stored. These programs include: an LS
distance measuring program for rotatably irradiating the
distance measuring light 68 emitted from the LS distance
measuring unit 67 and performing the distance measure-
ment for each pulsed light, an angle detection program
for detecting an angle of the scanning mirror 64 in real
time, a data association program for synchronizing and
associating between various types of data acquired by
the TS unit 2 and data acquired by the LS unit 3, and
other programs. Further, in the LS storage component
72, a data storage region is formed, and in the data stor-
age region, a distance measurement result and an angle
measurement result (point cloud data) for each pulsed
light are stored.

[0067] FIG.6 shows one example of an optical system
of the LS unit 3.
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[0068] In FIG.6, reference numeral 75 denotes a dis-
tance measuring optical axis of the LS unit 3 (hereinafter
referred as an LS distance measuring optical axis), and
on the LS distance measuring optical axis 75, a distance
measuring light source 76 and a reflection mirror 77 are
provided. On the LS distance measuring optical axis 75
deflected by the reflection mirror 77, a beam splitter 78
is provided, and on the LS distance measuring optical
axis 75 deflected by the beam splitter 78, an objective
lens 79 and the scanning mirror 64 are provided. The
distance measuring light source 76 emits the distance
measuring light 68 of an invisible light. Further, it is pref-
erable that a wavelength of the distance measuring light
68 is different from a wavelength of the distance meas-
uring light emitted by the distance measuring light source
37.

[0069] The beam splitter 78 has an optical character-
istic that a part of the distance measuring light 68 is re-
flected, and a remaining part of the distance measuring
light 68 is transmitted through. Further, it is preferable
that the beam splitter 78 has an optical characteristic that
the distance measuring light emitted by the distance
measuring light source 37 is not transmitted through.
[0070] The optical axis transmitted through the beam
splitter 78 is a light receiving optical axis 75a, and on the
light receiving optical axis 75a, a light receiving element
81 is provided.

[0071] Between the distance measuring light source
76 of the LS distance measuring optical axis 75 and the
reflection mirror 77, an optical path splitting component
82 such as a half mirror, a beam splitter and the like is
provided, and between the beam splitter 78 of the light
receiving optical axis 75a and the light receiving element
81, an optical path coupler 83 is provided.

[0072] The optical path splitting component 82 reflects
and leads a part of the distance measuring light 68 as an
internal reference light to an internal reference optical
path 84. The optical path coupler 83 couples the reflected
distance measuring light 68’ transmitted through the
beam splitter 78 and the internal reference light passed
through the internal reference optical path 84 and is de-
signed so that the reflected distance measuring light 68’
and the internal reference light are received by the light
receiving element 81.

[0073] The distance measuring light source 76 is con-
trolled by the LS arithmetic control unit 71 so as to emit
the distance measuring light 68 in a required state such
asalightintensity as required, a pulse interval as required
and the like. Further, the LS arithmetic control unit 71
associates the distance measurement result with the an-
gle measurement result (the point cloud data) for each
pulsed light and stores the distance measurement result
and the angle measurement result in the data storage
region.

[0074] By referring to FIG.7, a description will be given
on an operation of the present embodiment.

[0075] In FIG.7, reference numeral 86 denotes an ob-
ject to be measured. In a case where the surveying sys-
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tem 1 is installed inside a building being constructed, the
object to be measured 86 is a wall surface inside the
building or the like.

[0076] The surveying system 1 is installed at a suitable
position O inside the building. It is to be noted that, re-
garding an installation position of the surveying system
1, if a reference point or the like is set on a floor surface,
the reference point is preferable. In a case where the
reference point is unclear, the installation position of the
surveying system 1 can be decided based on a meas-
urement result of the object to be measured 86 by the
surveying system 1.

[0077] After installing the surveying system 1, a lev-
eling of the TS unit 2 is performed by the leveling unit 6.
[0078] After the leveling is completed, the LS unit 3 is
operated.

[0079] While the scanning motor 65 is driven and the
scanning mirror 64 is rotated at a constant speed of a
predetermined rotation speed, the distance measuring
light 68 is emitted from the LS distance measuring unit
67. The distance measuring light 68 is rotatably irradiated
by the scanning mirror 64 in the vertical direction. Further,
the horizontal rotation driving component 9 is driven, and
the frame unit 11 (the TS unit 2) is horizontally rotated.

[0080] By a cooperation of the vertical rotation of the
scanning mirror 64 and the horizontal rotation of the
frame unit 11, the distance measuring light 68 is horizon-
tally rotated while being rotatably irradiated in the vertical
direction and scans an entire object to be measured 86.
[0081] The reflected distance measuring light 68’ of
the distance measuring light 68 enters the scanning mir-
ror 64 and further enters the light receiving element 81
through the objective lens 79, the beam splitter 78 and
the optical path coupler 83. Further, a part of the distance
measuring light 68 (the internal reference light) split by
the optical path splitting component 82 enters the light
receiving element 81 through the internal reference op-
tical path 84 and the optical path coupler 83.

[0082] The LS arithmetic control unit 71 obtains a light
receiving time difference between a light receiving signal
oftheinternal reference light emitted by the lightreceiving
element 81 and a light receiving signal of the reflected
distance measuring light 68’ emitted by the light receiving
element 81 and calculates a distance for each distance
measuring light 68 based on the light receiving time dif-
ference. Further, the LS arithmetic control unit 71 also
obtains a vertical angle of each distance measuring light
68 from the LS angle measuring unit 69.

[0083] The LS arithmetic control unit 71 associates the
distance measurement data with the vertical angle for
each pulsed light and prepares two-dimensional point
cloud data of the entire object to be measured 86 in time
series.

[0084] In a process of acquiring the two-dimensional
point cloud data by the LS unit 3, an image of the object
to be measured 86 is acquired by the image pickup unit
21. ltis to be noted that an acquisition of the image may
be executed after the point cloud data is acquired.
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[0085] Normally, since a field angle of the objective
lens 48 is small, in order to acquire an image of the entire
object to be measured 86, it is necessary that partial im-
ages are acquired and synthesized. It is to be noted that
a camera with a wide field angle may be separately pro-
vided and a single entire image may be acquired.
[0086] The TS arithmetic control unit 19 rotates the tel-
escope unit 13 in an up and down direction in a process
of horizontally rotating the frame unit 11 at a constant
speed and controls an image pickup timing so as to form
a predetermined overlap portion between the partial im-
ages. The image processing component 59 makes the
partial images match by using the overlap portions and
prepares an entire image including the entire object to
be measured 86. The entire image is displayed on the
display unit 27.

[0087] Thus, the point cloud data of the object to be
measured 86 and the entire image of the object to be
measured 86 are acquired. Since the entire image is ac-
quired while rotating at the constant speed, a length in
the horizontal direction indicates a horizontal angle and
atime.

[0088] FIG.7 shows a drawing on which the point cloud
data is superimposed on the entire image.

[0089] Since the point cloud data is acquired in time
series, by drawing the point cloud data on the entire im-
age corresponding to this time series, the point cloud
data can be superimposed on the entire image. A state
in which the point cloud data is superimposed on the
entire image is displayed on the display unit 27.

[0090] By superimposing the point cloud data on the
entireimage, an association between the point cloud data
and the object to be measured can be performed on the
image.

[0091] Although the object to be measured is consti-
tuted by planes, as shown in FIG.7, since the point cloud
data acquired by the LS unit 3 has poor measurement
accuracy, the point cloud is wavy or an outer shape is
distorted.

[0092] In the present embodiment, a predetermined
pointis measured by the TS unit 2, a measurement result
of the point cloud data is corrected based on the meas-
urementresult ofthe TS unit2, and a measurement result
with high accuracy can be obtained. Further, an associ-
ation between the point cloud data and the measurement
result of the TS unit 2 is made based on the entire image.
[0093] First, a specific point is set from the entire im-
age. As the specific point, a point which can be easily
specified in the object to be measured 86, for instance,
an edge of each of wall surfaces, that is, MP1 to MP12,
is selected.

[0094] By means of the telescope 15, MP1 to MP12
are sighted, and a distance measurement and an angle
measurement are performed with respect to each point.
It is to be noted that, in a case where the installation
position of the TS unit 2 is unknown, the position of the
TS unit 2 with respect to the object to be measured 86
can be measured based on the measurement results of
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at least three points among MP1 to MP12.

[0095] Itis to be noted that the specific point may be
directly set according to a shape of the object to be meas-
ured (the edge of the wall surface, for instance), the edge
of the wall surface is directly sighted by the telescope 15,
and the distance measurement may be performed. In this
case, itis preferable that a zoom function is provided with
the telescope 15 so as to facilitate a sighting operation.
[0096] The measurement results by the TS unit 2 are
indicated by white circles in FIG.7. With respect to MP1
to MP12, the result measured by the LS unit 3 does not
necessarily match the result measured by the TS unit 2.
[0097] Further, since the first mechanical reference
point of the TS unit 2 and the second mechanical refer-
ence point of the LS unit 3 exist on the same vertical line,
adifference between coordinates of MP1 to MP12 meas-
ured by the TS unit 2 and coordinates of MP1 to MP12
measured by the LS unit 3 is caused by a difference of
measurement accuracies between the TS unit 2 and the
LS unit 3.

[0098] The measurement accuracy of the TS unit 2 is
high, and the measurement accuracy of the LS unit 3 is
lower than the measurement accuracy of the TS unit 2.
Therefore, by correcting the measurement result of the
LS unit 3 based on the measurement result of the TS unit
2, the measurement accuracy of the point cloud data can
be improved.

[0099] Itistobe noted that, although in a vertical angle
measurement by the TS unit 2 and a vertical angle meas-
urement by the LS unit 3 of the measuring points, a dis-
tance between the first mechanical reference point and
the second mechanical reference point has an influence,
the distance between the first mechanical reference point
and the second mechanical reference point is known,
and further a distance to the measuring point becomes
known by a measurement by the TS unit 2. Therefore,
an angle to be corrected can be obtained based on the
distance between the first mechanical reference point
and the second mechanical reference point and on the
measurement result.

[0100] Next, paying attention to MP9 in FIG.7, a devi-
ation between a specific point MP9 of the TS unit 2 and
a specific point MP9’ of the LS unit 3 is obtained on the
image, and the point cloud data is corrected based on
the deviation so that the specific point MP9’ coincides
with the specific point MP9.

[0101] Itisto be noted that since the specific point ex-
tracted from the image has the vertical angle and the
horizontal angle, it may be so arranged that the vertical
angle and the horizontal angle are input from the opera-
tion unit 26, the TS distance measuring optical axis 31
is directed toward the specific point based on the vertical
angle and the horizontal angle, the distance measure-
ment is performed by the TS unit 2, the distance meas-
urement result by the TS unit 2 and the distance meas-
urement result of the specific point corresponding to the
point cloud data are compared, and the point cloud data
is corrected based on the deviation between both of the
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measurement results.

[0102] The other specific points MP1 to MP8 and MP10
to MP12 are corrected similarly.

[0103] Since the object to be measured 86 is consti-
tuted by planes, planes with MP1 to MP12 as apexes are
calculated in the point cloud data, and the point cloud
data is corrected so that each point of all the point cloud
data exists on the planes as calculated. A drawing with
high accuracy is obtained by the point cloud data.
[0104] By superimposing the point cloud data as cor-
rected and the entire image with each other again, an
image with highly accurate three-dimensional data can
be prepared.

[0105] By obtainingtheimage having the three-dimen-
sional data, a survey setting work can be performed for
the object to be measured 86.

[0106] Forinstance, coordinate data ofasurvey setting
point is input based on design data from the operation
unit 26. The TS arithmetic control unit 19 drives the hor-
izontal rotation driving component 9 and the vertical ro-
tation driving component 16 based on the coordinate data
and directs the TS distance measuring optical axis 31
toward the survey setting point.

[0107] Next, the laser pointer light source 35 is turned
on, and the pointer light is emitted.

[0108] Since the optical axis of the laser point unit 25
coincides with the TS distance measuring optical axis
31, the irradiating point of the pointer light becomes the
survey setting point, and the survey setting point can be
set.

[0109] Thus, according tothe presentinvention, an ac-
quisition of the point cloud data with high accuracy and
the survey setting work with respect to the object to be
measured can be performed by one surveying system.
[0110] By referring to FIG.8, a description will be given
on a second embodiment. It is to be noted that, in FIG.
8, what are equivalent to components as shown in FIG.
1 are referred by the same symbol, and detailed descrip-
tion thereof will not be given here.

[0111] In the first embodiment as described above, al-
though an acquisition of the point cloud data by an LS
unit 3 and a distance measurement by a TS unit 2 are
performed separately, in the second embodiment, the
acquisition of the point cloud data by the LS unit 3 and
the distance measurement by the TS unit 2 can be per-
formed in parallel simultaneously or without being limited
by each other.

[0112] A horizontal driving unit 91 is fixed on an upper
surface of a frame unit 11, and the LS unit 3 is provided
on the frame unit 11 via the horizontal driving unit 91.
[0113] The horizontal driving unit 91 includes an LS
horizontal rotation motor 92 and an LS horizontal angle
detector 93, and the LS unit 3 is connected to an output
shaft of the LS horizontal rotation motor 92.

[0114] An axis of the output shaft of the LS horizontal
rotation motor 92 coincides with a vertical line 7, that is,
an axis of a horizontal rotation shaft 10. Further, a second
mechanical reference point of the LS unit 3 provided on
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the TS unit 2 via the horizontal driving unit 91 also exits
on the vertical line 7, and a distance between the first
mechanical reference point of the TS unit 2 and the sec-
ond mechanical reference point is known.

[0115] A driving of the LS horizontal rotation motor 92
is controlled by an LS arithmetic control unit 71, and the
LS unit 3 is relatively rotated with respect to the frame
unit 11. The LS horizontal angle detector 93 detects a
rotation of the output shaft of the LS horizontal rotation
motor 92. Therefore, an angle detected by the LS hori-
zontal angle detector 93 becomes a relative rotation an-
gle of the LS unit 3 with respect to the frame unit 11.
[0116] A detection result of the LS horizontal angle de-
tector 93 is output to the LS arithmetic control unit 71,
and further is transmitted to the TS arithmetic control unit
19.

[0117] The TS arithmetic control unit 19 calculates an
absolute horizontal angle (a horizontal angle with respect
to a base unit 8) of the LS unit 3 based on a detection
result of the horizontal angle detector 18 and a detection
result of the LS horizontal angle detector 93.

[0118] Further, the detection result from the horizontal
angle detector 18 is transmitted to the LS arithmetic con-
trol unit 71. In the LS arithmetic control unit 71, it may be
so designed that the absolute horizontal angle of the LS
unit 3 with respect to the base unit 8 is calculated based
on the detection result of the horizontal angle detector
18 and the detection result of the LS horizontal angle
detector 93.

[0119] The LS arithmetic control unit 71 can calculate
a horizontal rotation speed of the LS unit 3 with respect
to the base unit 8 based on a rotation angle detection
result from the horizontal angle detector 18 and a rotation
angle detection result from the LS horizontal angle de-
tector 93. In a case where the TS unit 2 and the LS unit
3 are driven independently, the LS arithmetic control unit
71 controls the LS horizontal rotation motor 92 so that
the horizontal rotation speed as calculated becomes a
constant speed rotation as predetermined.

[0120] In a case where the TS unit 2 and the LS unit 3
are operated in parallel, a horizontal angle of the point
cloud data acquired by the LS unit 3 is based on the base
unit 8. Further, since the second mechanical reference
point of the LS unit 3 and the first mechanical reference
point of the TS unit 2 exist on the same vertical line 7, an
association between the point cloud data and a meas-
urement result measured by the TS unit 2 can be exe-
cuted easily.

[0121] Thus, a measuring work by the TS unit 2 and
the acquisition of the point cloud data by the LS unit 3
can be performed in parallel. Therefore, a correction of
the point cloud data as acquired can be executed in sub-
stantially real time, and the acquisition of the point cloud
data and the survey setting work can be executed in par-
allel. As a result, the survey setting work can be per-
formed efficiently.

[0122] Itisto be noted that, in the second embodiment,
since the LS horizontal angle detector 93 is provided, the
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LS unit 3 can acquire three-dimensional point cloud data
with a horizontal angle, a vertical angle, and a distance.
[0123] Therefore, based on the horizontal angle and
the vertical angle of each point of the point cloud data,
the point cloud data can be superimposed on an entire
image. Further, based on the horizontal angle and the
vertical angle of each point, an association between each
point and a point measured by the TS unit 2 can be also
performed.

[0124] Although in the first embodiment as described
above, the association between the point cloud data and
the measurement result of the TS unit 2 was performed
based on an image, it may be so designed that a syn-
chronization signal generating unit for generating a syn-
chronization signal in common with the TS unit 2 and the
LS unit 3 is provided, and the association between the
point cloud data and the measurement result of the TS
unit 2 is performed based on the synchronization signal
generated by the synchronization signal generating unit.
[0125] Forinstance, it may be so configured that GPS
receivers are provided in the TS unit 2 and the LS unit 3
respectively so that each of the TS unit 2 and the LS unit
3 can obtain a GPS time, a time stamp is given to an
acquired signal (a horizontal angle detection signal of the
horizontal angle detector 18, for instance) of the TS unit
2, atime stamp is given to an acquired signal (measure-
ment data (point data) of each point of the point cloud
data) of the LS unit 3, and both of the signals are asso-
ciated with each other based on the time stamps.
[0126] Further, it may be so configured that the TS
arithmetic control unit 19 includes a timing generator (a
clock signal generator, for instance), a timing signal from
the timing generator is acquired by the LS arithmetic con-
trol unit 71, a common timing signal is given to the ac-
quired signal of the TS unit 2 and the acquired signal of
the LS unit 3 as time stamps respectively, and both of
the signals are associated with each other based on the
time stamps.

[0127] It is to be noted that, although in the embodi-
ments as described above, a scanning mirror 64 is rotat-
ed, and a laser beam is rotatably irradiated, it may be so
configured that a rotary unit is supported by a scanning
rotation shaft 63 (see FIG.1), an optical system shown
in FIG.6 is builtin the rotary unit, the laser beam is emitted
from the rotary unit, the rotary unit is rotated by the scan-
ning rotation shaft 63, and the laser beam is rotatably
irradiated.

[0128] Further, in a case where the first mechanical
reference point and the second mechanical reference
point do not exist on the same vertical line, it may be so
configured that a relation between both of the mechanical
reference points is made to be known, acquired data of
the TS unit 2 and acquired data of the LS unit 3 are cor-
rected according to the known relation, and both of the
data are associated with each other.

[0129] Itistobe noted thatalthough, in alaserscanner
unit in the embodiments as described above, a pulsed
lightis used as a distance measuring light and a distance
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10

measurement is performed by a TOF method, it may be
so configured that the distance measuring light of the
laser scanner unit is made to be a modulated continuous
light, a phase difference between an emitted light and a
reflected lightis obtained, and the distance measurement
is performed based on the phase difference.

Claims

1. A surveying system comprising a total station unit
(2), a laser scanner unit (3) and an arithmetic control
unit (4), wherein said total station unit comprises a
frame unit (11) capable of horizontally rotating, a tel-
escope unit (13) provided capable of vertically rotat-
ing on said frame unit, a horizontal angle detector
(18) for detecting a horizontal angle of said frame
unit, a vertical angle detector (17) for detecting a
vertical angle of said telescope unit, a total station
distance measuring unit (22) accommodated in said
telescope unit and a total station arithmetic control
unit (19), wherein said laser scanner unit is provided
on an upper surface of said frame unit and is config-
ured so as to acquire point cloud data by rotatably
irradiating a laser beam in a vertical direction, and
wherein said arithmetic control unit is configured so
that it acquires said point cloud data of an entire ob-
ject to be measured (86) by a cooperation of a hor-
izontal rotation of said frame unit and a rotary irradi-
ation of the laser beam by said laser scanner unit,
measures a specific point of said object to be meas-
ured by said total station unit, compares a distance
measurement result of said total station unit of said
specific point with a distance measurement result of
said laser scanner unit and corrects said point cloud
data based on a comparison result.

2. The surveying system according to claim 1, wherein
said total station unit (2) and said laser scanner unit
(3) are arranged so that a first mechanical reference
point of said total station unit and a second mechan-
ical reference point of said laser scanner unit are
positioned on a same vertical line (7).

3. The surveying system according to claim 1 or 2,
wherein said total station unit (2) includes an image
pickup unit (21), said image pickup unit acquires an
image including said object to be measured (86), and
wherein said arithmetic control unit (4) is configured
to superimpose said point cloud data on the image
and associates said object to be measured with said
point cloud data.

4. The surveying system according to claim 1 or 2,
wherein said total station unit (2) includes a laser
point unit (25) and is configured so as to emit a point-
er light to the image superimposed with said point
cloud data and indicate a survey setting point.
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The surveying system according to claim 1 or 2,
wherein a horizontal driving unit (91) is provided on
said frame unit (11), said laser scanner unit (3) is
provided on said total station unit (2) via said hori-
zontal driving unit, said laser scanner unitis capable
of horizontally rotating by said horizontal driving unit,
wherein said horizontal driving unit includes a laser
scanner horizontal angle detector (93) for detecting
a relative rotation between said frame unit and said
laser scanner unit, and wherein said arithmetic con-
trol unit (4) is configured to control said horizontal
driving unit so as to rotate said laser scanner unit at
apredetermined rotation speed based on adetection
result of said laser scanner horizontal angle detector
and said horizontal angle detector (18).

The surveying system according to claim 1 or 2 fur-
ther comprising a synchronization signal generating
unit, wherein a synchronization signal issued from
said synchronization signal generating unit is given
to point data of said point cloud data as a time stamp
and is given to horizontal angle data of said horizon-
tal angle detector (18) as a time stamp when said
point data is acquired, and an association between
said point data and said horizontal angle data is per-
formed through the time stamps.
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FIG.7
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